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ABSTRACT 

The present work is the study of a conventional radiator for the improvement of thermal performance through 
modification offin design. In the automotive industry all the radiators are designed by conventional Fins because oftheir 
ease of manufacturing and brazing to the tubes. Heat dissipation in such Fins takes place by convection between the 
ambient air and fins, but the conduction is neglected between tube panel and fins. In this study, it introduces conduction 
heat transfer by the addition of the conduction fin element to the panel. The additional fin element is in direct contact 
with the panel, thereby enhancing conduction heat transfer. Further, the heat dissipation rate improved by change of 
coolant using Water (35%) -Ethylene Glycol (65%) mixture as a liquid coolant in the radiator. In this paper s-NTU 
method is described to do heat transfer calculations. Modelling and simulation ofthe conventional as well as trapezoidal 
fins areperformed by CATIA and CFD Tools. The outlet temperature ofthe liquid coolant is evaluated and compared for 
both conventional and the modified design. The modified fin design improves thermal performance by increase in heat 
dissipation rate. 
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1. INTRODUCTION 

Automotive radiator is a key component of the engine cooling system. To cool down the engine, a coolant 
passes through the engine block, where it absorbs heat from the engine. The hot coolant is then fed into the inlet 
tank of the radiator (located either on the top of the radiator, or along one side), from which it is distributed across 
the radiator core through tubes to another tank on the opposite end of the radiator. As the coolant passes through the 
radiator tubes on its way to the opposite tank, it transfers much of its heat to the tubes which, in turn, transfer the 
heat to the fins that are lodged between each row of tubes. The fins, then release the heat to the ambient air. Fins are 
used to greatly increase the contact surface of the tubes to the air, thus increasing the exchange efficiency. 
The standard radiator tube is a thin walled tube that stretches the length of the core. When the radiator is in use, 
coolant flows from tank to tank via the tubes in the core allowing it to dissipate heat through the tube walls and the 
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fins. There is one difference between aluminium tubes and copper-brass tubes. Due to the weakness of copper-brass, 
the standard tubes are only 9/16 inch, commonly referred to as 1/2-inch tube. There can be other tube widths in 
copper-brass, but 1/2 inch is the most common. If copper-brass tubes wider, then tubes should be thicker to withstand the 
additional pressure of the coolant passing through. The result would be an extremely heavy and thick radiator that would 
be difficult to use. By comparison, standard aluminium tubes are one inch wide, but can also be built 1 ^ inch or 1 ^ 
inch-wide without adding much weight. A standard aluminium radiator is made with only two rows of tubes, but will have 
more surface contact with the fins than a four-row copper-brass radiator using 1/2-inch tubes. The additional surface area 
gives the aluminium radiator core a boost in its ability to cool. In addition to this, aluminium tubes can be made through an 
extrusion process to create a heavy-duty tube that is able to take significantly more pressure and heat. 

Generally, LMTD or s-NTU method is used to do heat transfer calculations of the radiator. Both methods have its 
own advantages and preferred according to data availability. When the radiator inlet and outlet temperature are known 
LMTD gives faster solution. When any of the temperature is unknown LMTD method undergoes iterations to find a 
solution. In this case s-NTU is better. In this paper s-NTU method is described to do heat transfer calculations. 

Many researchers had devoted efforts to fin design optimization by varying the fin geometry for the past decade. 
Raja Suryan G T et al.[l] studied the heat dissipation rates and outlet temperature by the modification fin design. Kraus et 
al. [2] had addressed important design guidelines for cooling electric devices. Chen and Wang [3] had presented a study 
related to a novel step or trapezoid surface design applicable to air-cooled heat sink under cross flow condition, 
the resultant thermal resistance of the proposed trapezoid design reveals a 10% lower thermal resistance than that of the 
plate fin surface at a specified pumping power. A. R. Khot et al. [ 4 ] performed various methods for radiator performance 
evaluation and testing of the radiator are considered because all internal combustion engines produce heat as a by product 
of combustion and friction. Studies of extended surfaces of longitudinal fins of rectangular, triangular, trapezoidal, 
and concave & convex parabolic profiles, and the like were well documented in the monograph by Kraus et al. [ 5 ]. 
Mokheimer [6] studied the effect of temperature dependent heat transfer coefficient h on the fin efficiency of annular 
(radial) fins having rectangular, triangular, concave parabolic and convex parabolic profiles. Dul’kin and Garas’ko [ 7 ] 
developed closed-form inverse solutions (fin parameter as a function of fin temperature) applicable for a straight fin of 
constant cross-section area subject to a power law type temperature dependent h. A generalized analytical solution that 
took into account the effect of variable heat transfer coefficient, variable cross-sectional area, and curvature of the lateral 
surface of an extended surface was presented by Agwu Nnanna et al. [8]. 

Aziz and Beers-Green [ 9 ] provided information about the temperature distribution, heat transfer rate, 
fin efficiency, and optimum dimensions of a rectangular fin subject to examine various effects such as a convective fin 
base, wall conduction resistance, and contact resistance between the wall and the fin base. They concluded that contact 
resistance is essential in designing heat sink. The earlier work of Aziz and Enamul-Huq [ 10 ] used a regular perturbation 
method to develop an analytical solution for a straight fin with a temperature dependent thermal conductivity; Kim and 
Moon [ii] showed that a stepped circular pin array of optimum dimensions may be superior in thermal performance of the 
uniform diameter pin fin array. Yazicioglu [ 12 ] performed an experimental study on steady state natural convection heat 
transfer from vertical rectangular fins & found that the rate of heat transfer from fin arrays depends on the geometric 
parameters and the base-to-ambient temperature differences. Giiveng [ 13 ] investigated natural convection heat transfer 
from vertically oriented rectangular fin arrays experimentally & found that fin spacing is the most important variable for 
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maximum natural heat transfer rate. Starner and McManus [14] studied the natural convection heat transfer from four 
different fin array configurations with three base types and heat transfer coefficients were calculated & concluded that fin 
height, fin spacing and base orientation has a significant effect on the rate of heat transfer from fin arrays 

2. PRESENT WORK 
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Figure 2.1 (a): Drawing of V-Fin Figure 2.1 (b): Drawing of Trapezoidal-Fin 




Figure 2.1 (c): Mesh Modal:( V- Fins) Figure 2.1 (d): Mesh Modal: (Trapezoidal- Fins) 
Structured Mesh with Tetra Elements Structured Mesh with Tetra Elements 


2.1. Theoretical Calculations 


Core dimensions: 365*340*24 mm 


Tubes =34/row, Number of Fins per inches - 10 (For conventional Fin) 


Number of Fins per inches - 7(For Trapezoidal Fin) 


2.1.1. Total Heat transfer Area of the Radiator with Conventional fin Design (V-Fin): 


Total tubes area of Heat Transfer = 1.20m2 


Surface area of Fins=2.02 m2 


Total Heat Transfer Area= 2.02+1.20=3.2 m2 

Known data: T h> i =87°C =360K, T c , i =27 °C =300K, U m =250 W/m 2 K, 
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Cp 5 c =1.005 kj/kg k, m h =0.225 kg/sec, rhc=1.25 kg/sec 
2.1.l(a). Calculation of Outlet Temperature and Heat Dissipation Rate when Water as Coolant 

Specific heat of water at a temperature of 360K is, C p , h =4.18 kj/kg k 
C= C min /C max = m h c h/ m c c c = (0.225*4180)/ (1.25*1005) =942.17/1256.25=0.74 
NTU= AUm/Cmin^S.2*250/942.17=0.84 

From the figure: at NTU=0.84 & C=0.74, the Effectiveness (e) =0.48 
Effectiveness-NTU method, Q= e Qnn (T h , r T c , 0 =0.48*942.17* (360-300) =27.134 kW 

T h , 0 = T h ,i - Q/C h =360 - (27134/942.17) =331.2K (or) 58°C 
T c , 0 = T c ,i + Q/C c =300 +(27134/1256.25) =321.599K (or) 48.44 °C 
2.1.l(b). Calculation of Outlet Temperature and Heat Dissipation Rate when Ethylene Glycol as Coolant 
Specific heat of ethylene glycol at a temperature of 360K is, C p , h =3.8kj/kg K 
C = Cnnn/C ma x= m h c h / m c c c = (0.225*3800)/ (1.25*1005) =856.52/1256.25=0.68 
NTU^AUm/Qnn^.2*250/856.52=0.93 

From the figure at NTU=0.93 & C=0.68, the Effectiveness (e) =0.55 
Effectiveness-NTU method Q = eQnin(T h , r T c ,0 = 0.55*(856.52) *(360-300) =28.265 kW 

T h , 0 = T h ,i - Q/C h =360-28265/856.52 =327K (or) 54°C 

T c , 0 = T c ,i + Q/C c =300 +28265/1256.25 =322.49K (or) 49.34 °C 



12 3 4 5 

Number of transter units. A 


Figure 2.2: Effectiveness for Cross Flow 
Exchanger with Fluids Unmixed 

2.1.2. Calculations of the Total Surface Area of the Radiator with Trapezoidal Fin 

Total tubes area of Heat Transfer = 1.20m 2 
Total surface area of Fins =1.8m 2 
Additional fin element Dimensions: 24 mm*2.5 mm 
Total area of the additional fin element =0.5 m 2 

Total Heat transfer area of the radiator with Trapezoidal fin =1.20+1.8+0.5=3.5m 2 
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2.1.2(a). Calculation of Outlet Temperature and Heat Dissipation Rate when Water as Coolant 

C= C min /C max = m h c h/ m c c c = (0.225*4180)/ (1.25*1005) =942.17/1256.25=0.74 
NTU= AU m /C min =3.5*250/942.17=0.92 

From the figure at NTU=0.92 & C=0.74 the Effectiveness (e) =0.54 
Effectiveness-NTU method Q= eC Mn (T h , r T c , 0 =0.54*942.17*(360-300) =30.526 kW 
T h , 0 = T h i - Q/C h =360-30526/942.17 =327.6K (or) 54.45°C 
T c , 0 = T c?i + Q/C c =300 +30526/1256.25 =324.29K (or) 51.14 °C 

2.1.2(b). Calculation of Outlet Temperature and Heat Dissipation Rate when Ethylene Glycol as Coolant 

C = C min /C max = riihCh/ m c c c = (0.225*3800)/ (1.25*1005) =856.52/1256.25 =0.68 
NTU= AUJCm^. 5*250/856.52= 1.02 

From the figure at NTU=1.02 & C=0.68 the Effectiveness (e) =0.62 
Effectiveness-NTU method Q= e C^ (T h , r T c , 0 =0.62*(856.52) *(360-300) =31.862 kW 
NTU=AU m /C min =3.5*250/856.52= 1.02 

From the figure at NTU=1.02 & C=0.68 the Effectiveness (e) =0.62 
Effectiveness-NTU method Q= e C^ (T h , r T c> 0 =0.62*(856.52) *(360-300) =31.862 kW 
T h , 0 = T h ,i - Q/C h =360-31862/856.52=322.79K (or) 49.64°C 
T c , 0 = T c?i + Q/C c =300+31862/1256.25 =325.36K (or) 52.36 °C 
3. SIMULATION: (CATIA MODELS) 

Tube Dimensions: Width - 22 mm, Height - 2 mm, Thickness - 0.26 mm 
Fin Dimensions : Width - 24 mm, Height - 8.17 mm, Thickness - 0.07 mm 
Number of Fins per inches - 10 (For conventional Fin) 

Number of Fins per inches - 7 (For Trapezoidal Fin) 



Figure 3.1: Conventional Design V-Arrangement of Fins 
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Figure 3.2: Modified Design Trapezoidal -Arrangement of Fins 

3.1. CFD Boundary Conditions 


Table 3.1: CFD Boundary Conditions 


Air Inlet: 
Velocity(m/s) 

Air Outlet: 
Static 

Pressure (Pa) 

Coolant Inlet: 
Velocity(m/s) 

Coolant 
Outlet: Static 
Pressure (Pa) 

Air Inlet 
Temperature(K) 

Coolant Inlet 
Temperature(K) 

16.666 

0 

0.001 

0 

300 

360 


3.1.1. Properties Table 


Table 3.2: Properties Table 


Properties 

Air 

Ethylene Glycol 

Aluminium 

Density(kg/m3) 

1.225 

1073 

2719 

Specific heat(j/kg-K) 

1005 

3800 

871 

Thermal conductivity(W/m-K) 

0.0242 

0.318 

202.4 


4. RESULTS 

4.1. Theoretical Results Table 


Table 4.1: Theoretical Results Table 


Type of Fin 
Design 

Coolant 

(Water/Ethylene 

Glycol) 

Inlet 

Temperature(K) 

Outlet 

Temperature(K) 

Heat 

Dissipation 

(kj) 

Conventional 

(A=3.2m2) 

Water 

360 

331.2 

27.134 

Ethylene Glycol 

360 

327 

28.265 

Trapezoidal 

(A=3.5m2) 

Water 

360 

327.6 

30.526 

Ethylene Glycol 

360 

322.79 

31.862 


4.2. Conventional Design Results 



Figure 4.1: Temperature Distribution Contour 
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Figure 4.2: Stream Line 




ANSYS Fluent R 


Figure 4.3: Residual Plot-Conventional Design 


4.3. Trapezoidal Design Results 



Contours of Static Tamp.rotur. (k> 


Figure 4.4: Temperature Distribution Contour 


Vetoaty 

1 3 200e-003 
2 039e-003 
2 5190-003 
2 1780-003 
1 8370-003 
1 4970-003 
1 1560-003 
8 152O-004 
4 7450-004 
1 3380-004 



ANSYS 

R17.2 


Figure 4.5: Stream Line 
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iterations 


Figure 4.6: Residual Plot-Trapezoidal Design 

5. CONCLUSIONS 

Numerical simulation has been carried out for conventional design and Trapezoidal design for heat dissipation 
rate and outlet temperature, where trapezoidal design gives better results. 

The modified fin design with lesser fin density lowers the outlet coolant temperature, thereby it improves thermal 
performance of the radiator. 

The modified coolant used Ethylene Glycol also gives lower outlet temperature for both conventional design and 
modified design. 

Hence the present study with modified fin design and coolant improves the performance of the radiator there by it 
improves the engine efficiency. 
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